Very low frequency (VLF) electric and magnetic field data recorded in DEMETER satellite corresponding to 30 nighttime passes over Indian longitudes during the period from 01 September to 09 December, 2010 are analyzed. The quick-look data show the existence of two intense electrostatic noise bands, one high frequency band between 04 and 18 kHz and other low frequency band below 01 kHz in majority of passes. The noise bands are electrostatic because no similar data are seen in the magnetic channel of the satellite. The characteristics of high frequency noise bands are similar to the lower hybrid resonance (LHR) bands observed in earlier satellite experiments. The data also show the occurrence of intense VLF noise bursts of duration two to three hours in the low latitude ionosphere which are analyzed thoroughly and found containing numerous first-hop magnetospherically reflected (MR) whistlers. There are some welldefined large dispersion whistlers also which appear to have propagated to the satellite in hybrid mode of propagation. A comparison with the ground data observed simultaneously at Agra station indicate insignificant and feeble nature of whistlers recorded on the ground suggesting that satellite whistlers propagated in nonducted mode of propagation and did not reach the ground. Various possibilities for the rare occurrence of VLF bursts are discussed.
Introduction
The satellite DEMETER was launched by LPCE/CNRS, France in circular orbits at a height of 710 km on 29 June, 2004 which worked successfully till 09 December, 2010. Although the basic scientific objective of the satellite was detection of electromagnetic emissions transmitted from earthquake regions (DEMETER) and confirm their origin and propagation mechanism, there were other payloads also for the measurement of electron and ion density distribution, temperature, detection of energetic particles, and a general study of overall electromagnetic environment in the ionosphere Parrot et al., 2006a Parrot et al., , 2006b Berthelier et al., 2006) . The DEMETER data have been extensively utilized to study the ionospheric perturbation in relation to seismic activities (Molchanov et al., 2006 , Rozhnoi et al., 2007 , Bhattacharya et al., 2007 , Muto et al, 2008 , Singh et al., 2010 . On account of active research activities in the fields of space science and seismo-electromgnetics, the Agra station (Geomagnetic lat. 18.09 2 The generation and propagation mechanism of VLF emissions and whistlers in the low latitude ionosphere and their ground observation have been a subject of great controversy over the years (Singh, 1976; Singh et al., 1981; Singh and Hayakawa, 2001) . While many workers have suggested ducted propagation for these waves in the low latitude ionosphere, others have emphasized nonducted pro-longitudinal (PL) mode of propagation (see Singh and Hayakawa, 2001 and references therein) . Similarly the VLF emissions observed in the low latitude ground stations have conflicting views whether they are generated in the low latitude ionosphere or in middle and high latitude ionosphere (Hayakawa, 1993) . The launching of DEMETER satellite at low altitude has provided a fortuitous opportunity to study these problems in details.
The main point of the present work is that since not many simultaneous ground and satellite observations are available at low latitudes except those of Hayakawa et al. (1975) who made simultaneous satellite and ground observations of magnetospheric VLF hiss, it is useful to make such studies at low latitudes especially in India. With this in view we make a study of DEMETER satellite and ground data corresponding to low latitudes. In this paper, we initially report the results of analysis of DEMETER data corresponding to nighttime passes over Indian longitudes between 01 September and 09 December, 2010 and then compare the results with ground data. A thorough quick-look study of the electric and magnetic field data shows the existence of two bands of VLF electrostatic noises, existing along each orbit, one high frequency band between 04 and 18 kHz, and other low frequency band below 1 kHz. The high frequency VLF electrostatic bands resemble lower hybrid resonance (LHR) noise bands observed earlier by other satellites. Intense VLF electromagnetic bursts consisting of large number of partial-first hop magnetospherically reflected whistlers and hybrid whistlers have been observed on three occasions during the whole period of analysis. The ground data show short whistlers with feeble intensities.
Scientific Payloads in DEMETER Satellite
In order to study the ionospheric disturbances related to seismic activities and to give a global information on the earth's electromagnetic environment the satellite payloads consisted of ICE: three electric sensors for measurement from DC up to 3.5 MHz, and IMSC: three magnetic sensors for measurement from a few Hz to 18 kHz, besides an ion analyzer, an energetic particle detector, and a Langmuir probe. Since we are concerned with the study of electromagnetic waves in ELF/VLF range only, we consider the electric and magnetic field data provided by the satellite in this range.
3.
Ground observation at Agra To study the simultaneous observations of VLF emissions/whistlers in the satellite and on the ground at low latitudes, we have considered VLF data obtained from the ground observation at Agra station (Geomagnetic lat. 18.09 o N, 152.21 o E) during two and half months of observation between 01 October and 16 December, 2010. The experimental setup employed by us is similar to that used by Singh et al. (2005) with minor modification of using a vertical antenna instead of loop antenna. This is a digital recording setup (see Fig.1 ) which consists of a vertical antenna, amplifier, a band pass filter, sound card, and a PC (with sound recording software). The signal induced in the antenna is fed to an amplifier which has the gain of 40 dB with flat frequency response in the audible range. The amplified signal is passed through a band pass filter (02-10 kHz) and recorded on a PC through the sound card. The sampling rate used for the present study is 20 kHz. The observation are taken during the nighttime between 1800 hrs and 0600 hrs LT (LT, local time=UT+5.5 hrs) at Bichpuri which is located in rural area about 12 km west of Agra city and there are low electric and electromagnetic disturbances around the observation site. The digital data stored on the computer disk is analyzed offline using DSP technique available in MATLAB software. The analysis is divided into two parts: pre-event data analysis, and post-event data analysis. The pre-event data analysis consists of filtering of 50 Hz noise, calculation of FFT, and making a movie of the whole data set. The events of VLF emissions and whistlers are identified from the movie. Once the event is discovered in the movie, post-event data analysis is applied for that particular frame. The post-event data analysis is done to sharpen the features of discovered events.
Results and Discussion
The DEMETER data are accessed through the website of DEMETER http;//demeter.cnrs-orleans.fr by assigned user Id and password. We have chosen a grid of low latitude region bounded by latitude range of 25 o E and looked for satellite orbits that passed through this region during nighttime. The consideration of the above specific region and period of satellite pass is adopted for the 4 reason that ELF/VLF waves propagating through this region may also be observed on the ground and we can check for the simultaneity in ground and satellite data. An example of the orbit passing through the selected region (shown by open rectangle) is shown in Fig.2 . The orbit number is 33746_1 (_1 indicates the upgoing satellite) and it passed over the Indian longitude on 21 October, 2010. We have found 30 orbits in all of this kind passing through the grid during nighttime. The solid rectangle blocks shown on the map are of website origin. After selecting the orbits, we looked for frequency-time spectrograms of data contained in electric (ICE) and magnetic (IMSC) channels corresponding to these orbits.
The frequency-time spectrograms of the data corresponding to the 30 orbits examined show the followings;
1. Majority of spectrograms show two bands of intense electrostatic noises, one between 04 and 18 kHz and other below 01 kHz. The noise bands are electrostatic because no such noises are seen in the magnetic channels. 2. The high frequency bands show a sharp lower cutoff frequency. 3. No noise bands are seen in the equatorial region. 4. Intense VLF electromagnetic noise bursts are seen rarely on three occasions only at low latitudes while almost regularly at high latitudes with strong electric components.
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Here, we discuss two broad categories of the results as follows; 4a.
Electrostatic noise bands Two examples of the electrostatic noise bands are shown in Fig.3 . The upper two panels contain ICE and IMSC data recorded on 07 November, 2010 during nighttime corresponding to orbit No. 33996_1 and the two lower panels indicate the same data recorded on 20 November, 2010 corresponding to orbit No. 34187_1. The universal and local times (UT/LT), latitude and longitude of satellite location are shown below both the IMSC panels. The nature of electrostatic noise bands mentioned above is clearly seen from the two sets of the spectrograms presented in this figure.
Certain features of high frequency electrostatic noise bands mentioned above and shown in Fig.3 are very similar to LHR noise bands observed at high latitudes with electric dipole antenna on the Alouette1, 2 and OGO 2 satellites (Barrington et al., 1963; Smith, 1964, 1965; McEwen and Barrington, 1967; Laaspere et al, 1969) . 
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The specific points of comparison are that the LHR noise observed with satellites is generally electrostatic since it is seldom observed with magnetic loop antenna (Gurnett, 1968; Laasphere, 1969) as is the high-frequency electrostatic noise observed in Fig.3 . The LHR noise observed with satellite usually has a sharp lower cutoff frequency, and rare occurrence of such noise bands around equator (Barrington et al., 1963) . Other characteristic of LHR noise is decrease of lower cutoff frequency as the satellite moves to high latitudes.
The LHR frequency is an electrostatic resonance (E/B becomes infinite) for propagation perpendicular to the geomagnetic field consistent with the large observed electric field. The LHR frequency depends on the plasma and gyrofrequency of the electrons and the harmonic mean of the masses of all the ions as per expression 3 are the fractional concentrations of hydrogen, helium and oxygen ions respectively, and H , e are the proton and electron gyrofrequencies respectively. Shawhan and Gurnett (1968) and Gurnett and Mosier (1969) have also observed VLF electrostatic noise bands in their Javelin 8.45 UI and Javelin 8.46 rocket experiments launched from Wallaps island and Fort Churchill Canada respectively to an altitude of 763 km in the ionosphere. They have also observed the two kinds of noise bands having features as those observed in DEMETER and other satellites. Two distinct types of low frequency electric antenna noise could be distinguished from most of the spectrograms similar to those in Fig.3: (1) Intense ELF electrostatic noise having frequencies below about 01 kHz which is strongly modulated possibly at the spin period of the satellite and (2) a relatively steady noise below about 150 Hz which is present with nearly constant amplitude. They have attributed them to be generated due to interaction of electric antenna with the surrounding plasma superimposed upon by precession and spin modulations.
In order to show that the lower cutoff frequencies of the high frequency electrostatic noise bands observed in DEMETER satellite resemble with theoretically calculated LHR cutoff frequencies we show in Fig.4 , profiles of electron ion densities and LHR frequency calculated in a modal ionosphere (temperature = 1500° K) by Shawhan (1966) presented in lower and upper panels of the figure respectively. From  Fig.4 (b) it may be clearly seen that the LHR frequency at 700 km altitude is around 5 kHz which lies in the range of LHR cutoff frequencies observed in DEMETER satellite.
4b. VLF electromagnetic noise bursts
As we have mentioned before, VLF electromagnetic noise bursts with strong electric components have been observed in DEMETER satellite on three occasions in selected region over the Indian longitudes. These noise bursts occurred for short periods of two to three hours along the upgoing orbits of the satellite on 13 September, 23 September and 21 October, 2010. Two cases of such noise bursts are shown in the top 7 two panels of Fig.5 and 6 which correspond to 13 September and 21 October, 2010 respectively. As it may be seen, there are strong electric components and very feeble magnetic components in the data. The orbit number and other orbital parameters are shown at the bottom of the IMSC panel. (Shawhan, 1966) .
At first glance these noise bursts appear similar to those of VLF electrostatic noise bursts observed in Javelin 8.46 sounding rocket in auroral zone and reported by Gurnett and Mosier (1969) . However, we have carried out a detailed analysis of these noise bursts using the technique available at DEMETER site and found a large number of whistlers contained in the bursts (as shown for example in the bottom panels). These whistlers are mostly partial components of first-hop magnetospherically reflected (MR) whistlers which are produced by a part of the VLF energy radiated from lightning strokes penetrating the ionosphere and recorded in the satellite. These are similar to first-hop components of MR whistlers reported by Bortnik et al (2002 Bortnik et al ( , 2006 . Since the whistlers shown in Figs.5 and 6 are recorded in the low latitude ionosphere at the height of 710 km, they have suffered insignificant dispersion and hence they appear mostly as vertical lines in the spectrograms. There are, however, some well-defined whistlers in these spectrograms also which appear to be hybrid whistlers which traveled from mid-latitudes in the earth-ionosphere waveguide and re-entered the ionosphere at low latitudes to be 8 observed in DEMETER satellite. Intense horizontal lines in the bottom panel spectrograms of Fig.6 are those due to VLF ground transmitters. In the last Fig.7 we compare whistler data observed in the satellite with those observed on the ground at Agra station. The satellite data correspond to those recorded on 21 October, 2010 at 21:12:32 and 21:13:25 LT whereas the data shown in two bottom panels are recorded at the same time at Agra station. From a comparison of the two sets of data, it may be seen that while there are well-defined whistlers in the satellite spectrograms, the ground data show very feeble whistler traces occurring mostly below 2 kHz. The feeble nature of the ground whistlers may be due to severe attenuation and reflection in the nonducted propagation of the satellite whistlers with the result of which they could not reach the ground with sufficient intensity. Since most of the ground spectrograms do not contain well-defined whistlers, it appears that most of whistlers recorded in the satellite in the VLF bursts are nonducted. 
4c.
Interpretation for rare occurrence of whistler bursts The rare occurrence of whistlers and VLF emissions in the low latitude ground stations is well known (Singh and Hayakawa, 2001) . In order to find a possible reason for rare occurrence of whistler bursts recorded in DEMETER satellite in the low latitude ionosphere on three occasions only during 01 September and 09 December, 2010, we have looked for three possible reasons pertaining to either of magnetic storm effect, earthquakes, and intense thunderstorm/ lightning effect. We have examined Kp for each day of the months September to December, 2010 and found Kp<25 on each day of these months indicating magnetically quiet period throughout. Similarly, no major earthquake occurred within 10 days around the 03 days of events (13 September, 23 September and 21 October, 2010) and all the earthquakes that occurred within 2000 km from Agra station in these months were of smaller magnitude (M<5.5). Then the only possibility that caused these whistler bursts is intense thunderstorm/lightning. In order to verify this reason we have calculated the corresponding geographic locations on the ground which could produce these bursts. We have found these locations along 78 o E meridian lying between 32 o N and 36 o N latitudes. Since thunderstorm/lightning activities occur mostly in southern hemisphere during these months, these locations lie in the Indian ocean for which no data are available, and hence this possibility could not be verified. 
4d. Main and new findings
The analysis of simultaneous DEMETER satellite and Agra station data has yielded the following findings;
1. The whistler bursts observed in the satellite at low latitudes over Indian longitudes are due to localized intense lightning activities in the Indian Ocean. 2. The bursts contain mostly MR whistlers which may be responsible for the formation of slot region in the Van Allen radiation belts alongwith other signals. 3. The observed low latitude whistlers are nonducted. Hence, they are not observed on the ground at Agra station with significant intensity and convincing frequencytime spectra. 4. There are significant numbers of hybrid whistlers (origin at middle and high latitudes) in the VLF burst at low latitudes.
Conclusion
In order to study the electromagnetic emissions in low latitude ionosphere and their ground observation, an attempt has been made to analyze the satellite DEMETER data between 01 September and 09 December, 2010 and corresponding ground data observed at Agra station in India. The satellite orbits are chosen to pass through a grid of 25°-35° N latitude and 60°-80° E longitude over India. The satellite data show intense VLF electrostatic noise bands which resemble with LHR frequency bands. The noise bands are electrostatic because no corresponding data are present in magnetic channel of the satellite or on the ground. However, there occurred intense VLF noise bursts in the low latitude region on three occasions which contained a large number of partial first-hop MR whistlers and some well-defined whistlers which appeared to be hybrid whistlers. The simultaneously recorded ground data at Agra station do not show significant whistlers indicating that the whistlers in the satellite propagated mostly in non-ducted mode.
